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The current inventory of airborne toxics in the Lake
Superior Basin is quite inadequate.
There currently exists no adequate inventory of
emissions to the atmosphere for the Lake Superior Basin.
In the U.S.A. a preliminary inventory has been developed
using both the Toxics Release Inventory (TRI), which is
a national program for reporting toxic releases, and the
1985 acid rain inventory. This is considered to be a
very crude first estimate. It currently does not have
the detail nor the reliability needed to be useful for
modelling atmospheric deposition to Lake Superior. In
Canada, the National Pollutant Release Inventory (NPRI)
has been launched and data are to be reported for 1993
and subsequent years. Pesticides and ozone depleting
substances are not included in this list at the present
time. As is the case with the U.S. national inventory,
it is not anticipated that this inventory will provide
data for modelling atmospheric deposition to Lake
Superior.
In cooperation with the Air Quality Administrators of
the eight Great Lakes states, the Great Lakes Commission
is compiling an inventory of toxic air emissions. This
effort is being funded by the Great Lakes Protection
Fund.
The Province of Ontario has an inventory created as a
routine part of their air pollution control program. It
is incomplete with respect to toxics.
vii
































































































































































































































































































































































































































































































































































Substantial progress has been made in monitoring of the
air and precipitation concentrations of toxic substances
in the Lake Superior Basin.
As part of their programs under Annex 15 of the Great
Lakes Water Quality Agreement, the Parties have begun
implementation of an Integrated Atmospheric Deposition
Monitoring Network (IADN). As part of this network a
Master Monitoring Station has been established at Eagle
Harbour (and approved by the Parties) as well as two
Satellite stations (not formally accepted by the
Parties) at Turkey Lakes, Ontario and Finland,
Minnesota.
There is currently no quality assurance/quality control
program in place for the Lake Superior Basin
measurements.
The Integrated Atmospheric Deposition Network
Implementation Plan presented to the Parties November
1990 calls for compliance with data quality objectives
in the Quality Assurance Plan to be demonstrated by
October 1991. A draft plan is currently under review
but no formal action has been taken. When approved,
these procedures will apply to the IADN Monitoring
Stations on Lake Superior. Each of the agencies
involved with monitoring activities in the Lake Superior
basin has its own quality assurance procedures. There
has been some intercomparison of data between the
Parties for the lower lakes but there is no formal
mechanism in place for Lake Superior.
There appears to be no focus on meteorological





















































































































































































































































































Annex 15, especially with









































































































































While a Bilateral Lake Superior Work Group has been
established, the atmospheric portion of the program
seems to be a fortuitous spin—off from the IADN activity
and the Great Waters Program.
While the Parties continue to uphold the Great Lakes as
an environmental priority, continuing support for the
air program seems to be eroding in Canada and uncertain
in the United States.
The United States has allocated funds to the Office of
Air Quality Planningand Standards, Universities and


















































































































































The inventory of toxic emissions should be given highest
priority by the Parties over the next biennial cycle.
Inventory activity should be focused on two to four
toxic chemicals for the next 3 years.
A binational group should be convened to review, co-
ordinate and suggest new studies in order to (a)
identify the data requirements of investigators who
would use the inventory; (b) develop guidelines for the
preparation of an integrated emission inventory; (c)
develop a priority ranking scheme for chemicals to be
inventoried; (d) set time frames for developing specific
inventories; and (e) to strengthen the atmospheric focus
of research efforts to determine deposition to the Lake
Superior Basin.
Resources in both countries need to be focused on Lake
Superior and maintained over the next biennial cycle.
Of specific importance is Ontario's funding for the
satellite stations on Lake Superior, Canada's funding of





























































































2.2.2 A bilateral QA/QC plan for the data from Lake Superior
monitoring stations needs to be put in place by the
Parties as soon as possible to ensure that quality data
are available for assessment purposes.
2.2.3 A research plan, with specific priorities leading to an
estimate of deposition to the Lake Superior Basin, needs
to be prepared before the end of 1993. This plan should
outline goals and milestones over the biennial cycle.
2.2.4 The research plan should include more emphasis on

































PROGRESS BY THE PARTIES IN COMPLETING
AN INVENTORY OF TOXIC AIR EMISSIONS AND IN ASSESSING
TOXIC AIR DEPOSITION IN THE
LAKE SUPERIOR BASIN
A REPORT FROM
THE INTERNATIONAL AIR QUALITY ADVISORY BOARD
TO THE INTERNATIONAL JOINT COMMISSION
1.0 INTRODUCTION
Objectives and Methodology
One action item within the September 1991 Report "A Bi-National
Program to Restore and Protect the Lake Superior Basin" states
that "The Governments (United States and Canada) will complete an
inventory of toxic air emissions and an assessment of toxic air
deposition in the Lake Superior Basin". This report provides
information on the status of government programs and plans to May
31, 1993 to respond to this action item. Emphasis is on progress
in responding to the action item.
Information on the status of government programs and plans has
been obtained through many research, workshop and progress
reports and through personal and telephone contact with
individuals directly involved in the programs and plans.
Additional information was obtained at the First Workshop on
Emissions and Modelling of Atmospheric Transport of Persistent
Organic Pollutants and Heavy Metals, sponsored by the United






















































































































































































































































































































































































































































































































































































































































































































































































deposition via theatmospheric pathway to Lake Superior as part
of the Great Lakes or the Great Waters.
Column 1. of Table 1. lists first, second and third priority
substances or chemicals targeted for measurement in the
Integrated Atmospheric Deposition Network (IADN) program (GLWQA,
1990).
In 1987, The Great Lakes Environmental Administrators, responding
to a mandate from the Council of Great Lakes Governors (CGLG)
developed a list of 25 "priority pollutants" or pollutant classes
of potential concern for Great Lakes protection. Since 1987
additional chemicals have been added to this list (Cabrera-
Rivera,1993, personal communication). The "priority pollutants"
list, including added chemicals, is given in Table 1, Column 2
(Cabrera-Rivera, 1993).
The Clean Air Act Amendments of 1990 (CAAA) in the United States
require adequate protection from toxic air compounds for the
Great Waters which include the Great Lakes. The CAAA section
112(b) list of hazardous air pollutants contains a total of 190
substances. A modified Inerts Ranking Program (IRP), as
developed by the ‘USEPA Environmental Research Laboratory in
Duluth for evaluating pesticide ingredients, provided the
framework for ranking the CAAA section 112(b) chemicals. Column
3, Table 1 lists the 20 chemicals with the highest ranks from the
USEPA list of 190 "Focus Chemicals". (USEPA,1991)
In Canada a National Pollutant Release Inventory (NPRI) list of
substances has been adopted for the first reporting year (1993)
which excludes pesticides and ozone depleting substances at the
present time. The NPRI list was derived from the 1990 United
States Toxic Release Inventory List.
All of the lists in Table 1 are applicable to the Lake Superior
Basin. The lists are presented to indicate the priority focus
for measurement and analysis of toxic chemicals and for
development of emission inventories by investigators working with
different government groups.
 A Recent PCB Mass Balance For Lake Superior:
The significance of the Atmospheric Pathway and Mass Distribution
The best indicator of the relative significance of the
atmospheric pathway in bringing toxic contaminants to Lake
Superior is the mass balance for each of the contaminants of
concern. Of the chemicals for which a mass balance should be
constructed, most data are available for PCBs.
Figure 1 is a PCB mass balance for Lake Superior prepared by
Baker et al. (1993) using estimates based on observations of
investigators during the period 1978 (earliest measurement of
water column PCBs used to get base rate) to 1992. According to
this mass balance wet and dry (particulate) deposition from the
atmosphere (from Eisenreich and Strachan, 1992) contributed
between 76% and 89% of the total PCBs input of 177 to 207 kg/yr
to Lake Superior in 1990. Baker estimated the net volatilization
of PCBs from the Lake Superior surface waters to be 670 to 750
kg/yr using' measurements of PCB concentrations in the water
between 1978 and 1992. It is acknowledged that the
volatilization rate has a high uncertainty but Baker's analysis
confirms that the major PCB inputs to Lake Superior are from the
atmosphere and the atmosphere is the principle sink for PCBs from
the lake. Baker's analysis suggests that the annual PCB loss to
the atmosphere is more than three times as great as the total PCB
inputs to the lake from all sources.
The PCB mass balance presented here is based on a simple linear
static model whereas the real world scenario is dynamic and non
linear. This simple model suggests that PCBs could be depleted
from Lake Superior waters at a rate greater than the rate of



























































PROGRESS IN ASSESSING SOURCES OF AIRBORNE TOXICS TO THE LAKE
SUPERIOR BASIN
Introduction
Completion of an inventory of toxic air emissions is required to
respond to the "Bi-National Program to Restore and Protect the
Lake Superior Basin". In this report, as in the draft report on
"Source Investigation for Lake Superior"(1992) the inventory of
emissions, or source inventory, refers to the origin of the
compounds of interest rather than the pathway by which the
compounds may enter the Lake. Progress in response to the action
item is described in this chapter.
Space Scale and Source Details Required
The "Bi-National Program to Restore and Protect the Lake Superior
Basin" recognized that the Lake Superior Basin has not
experienced the intense development, urbanization and pollution
characteristics of the lower lakes. The "Summary Report of the
Workshop on Great Lakes Atmospheric Deposition" (IJC, 1986) noted
that "atmospheric deposition is the sum of that which falls on
the lake surface (direct) and that which falls "upstream" and
flows through the connecting channels to the "downstream lake".
The inference is clear, much of the deposition of airborne toxic
compounds to Lake Superior originates outside of the basin.
European studies of Arctic air pollution suggest transport
distances for persistent pollutants are hemispherical in scale
(Pacyna et al., 1993). Long range transport (LRT) models
described in this report have relied upon source inventories of
continental scale and Clark (1993) concludes that sources 500 to
1000 km to the south of Lake Superior contribute more than 33% of
the total and that single source cells as far as 2000 km away
contribute as much as 2% of the total lead deposition to the
Lake. The difference between the deposition predicted by Clark
5
 and that estimated based on observed concentrations may be
substantial but the distribution of contributing sources is
expected to be nominally correct. The space scale of source
inventories must thus be at least continental, and off continent
sources cannot be ignored, if LRT models are to be effective
tools to predict deposition rates to Lake Superior and guide
emission control strategies for toxic pollutants.
Some experience in building source inventories for LRT deposition
models has been obtained in recent studies of acid deposition
over the United States and Canada. Very large individual sources
are considered as individual point sources but. much of the
continent can be represented as area sources; for example, for
emissions of agricultural chemicals. Minimum data required for
each source includes:
0 particulate emissions including particle size and chemical
analysis for compounds of interest
0 vapour or gaseous emissions of compounds of interest
0 temporal distribution of emissions, at last seasonal as a
start but if other temporal distributions are normal they
should be noted
0 source location and
0 temperature, volume rate and height of emission
Some chemicals react relatively rapidly in the atmosphere and
some may deposit and be subsequently re-entrained; for example,
there has been strong suggestion that "natural sources" of
mercury are actually a result of old anthropogenic sources. Thus
some knowledge of atmospheric reactions or half life for each of
the chemicals of interest is important, especially for the Lake
Superior Basin where most of the sources are outside the Basin.
This outline of requirements for a source emissions inventory is
not comprehensive. Despite the brevity of this outline it is



















































































emissions detail for each chemical on the space scale required.
To gain experience in organized assembling a source emissions
inventory of airborne toxics for Lake Superior a binational group
of scientists could identify a few priority chemicals of interest
and the source information detail required for selected LRT
models. Such an emissions inventory would be useful for studies
of toxics deposition to other receptors in North America.
Discussion in this chapter is limited to progress in assessing
sources of airborne toxic substances to Lake Superior. The
assessment of deposition over the Lake Superior Basin will
require information additional to that identified above for each
of the chemicals of concern, as noted in the "Summary Report on
the Workshop on Great Lakes Atmospheric Deposition" (IJC, 1986).
Existing and Develoninq Source Inventories of Airborne Toxic
Emissions Contributing to Deposition in the Lake Superior Basin
A summary of emission sources of lead, mercury and PCBs in
geographical areas close to Lake Superior is presented in a draft
report to the Virtual Elimination Task Force of the IJC (IJC,
1992b).
required to establish source-receptor relationships for the Lake
The summary was not intended to provide the detail
Superior Basin.
Voldner and Smith (1988), in response to the need for detailed
data on emissions of toxic substances for the IJC mass balance
analysis, prepared emission estimates for 14 priority toxic
chemicals in North America. Emissions were allocated by Province
in Canada and by census region in the United States and these
data have been used to estimate atmospheric concentrations and
deposition of the chemicals using LRT models.
Under contract to the MOEE Johnson et al. (1992) developed a
quantitative emissions inventory of PAHs, PCBs, PCDDs and PCDFs















































































































































































































































































































Toxic chemicals for which









































































































































































































































































































































































modelling. It was noted that "Emission estimates for lead will
likely be
improvements in our emission factors.
revised in the future reflecting anticipated
At this time emission
uncertainties have not been quantified".
A USEPA National Toxics Release Inventory (TRI) in the United
States includes data on chemicals released by the industrial
sector. Emissions from power plants, urban, commercial,
transportation, agricultural and natural sources are not included
in this inventory.
In Canada the National Pollutants Release Inventory (NPRI) lists
176 substances for the first reporting year (1993), "derived from
the 1990 United States Toxic Release Inventory", for which
emissions inventories will be assembled. Pesticides and ozone
depletion substances are not included in the list at the present
time. Pesticides at least, are of major concern for deposition to
Lake Superior so, the NPRI inventory will provide limited data on
toxic sources contaminating the Lake Superior Basin.
Summary and Recommendations Regarding Source Inventories
Applicable to the Lake Superior Basin
Summary
0 Responsibility for developing emission inventories falls to
several groups or agencies with differing responsibilities,
objectives and regional interests.
0 Preparation of adequate inventories requires a substantial
effort for each chemical of concern to obtain the spatial and
temporal resolution and detail describing characteristics of
the emissions and sources. Atmospheric chemicals reactivity
and/or residence time should be included in the detail for
each chemical.






















 of airborne toxic chemicals to the Lake Superior Basin have
not been reported.
0 The lack of
inventories for any toxic chemical has limited development of
integrated and complete source and emission
long range transport models which would be useful tools to aid
control strategists in planning and implementing an effective
deposition control program for each chemical.
o Attempts to model deposition of various chemicals to the Lake
Superior Basin, even with inadequate emissions inventories
have (1)
deposition processes and (2) pointed out weaknesses in the
advanced our understanding of transport and
emissions inventories.
Recommendations
0 Development of a toxic emissions inventory should be given
very high priority by the Parties over the next biennial
cycle.
0 Inventory activity should be focused on two to four toxic
chemicals for the next 3 years.
0 A binational group should be convened to review, co-ordinate
identify the data
requirements of investigators who would use the inventory; (b)
and suggest new studies in order to (a)
develop guidelines for the preparation of an integrated
emission inventory; (c) develop a priority ranking scheme for
set time frames for
chemicals to be inventoried; (d)
developing specific inventories; and (e) to strengthen the
atmospheric focus of research efforts to determine deposition
to the Lake Superior Basin.



































































































TO THE LAKE SUPERIOR BASIN
Introduction
Activities to assess deposition of airborne toxics to Lake
Superior have developed under Annex 15 of the Great Lakes Water
Quality Agreement as amended (IJC, 1987). The activities are not
specific to Lake Superior.
Deposition is calculated using measured values of atmospheric and
lake characteristics, concentrations and transfer coefficients
specific to Lake Superior for airborne chemicals of concern.
Annex 15 components include establishment of an Integrated
Atmospheric Deposition Monitoring Network (IADN) to measure
atmospheric and lake variables and concentrations of toxics in
air and precipitation; and a research activity to improve
estimates of deposition by improving our understanding of the






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PHASE I (January 1990 through December, 1991)
Milestone
Establish a Master Site on the south shore of Lake Superior
during the summer of 1990. Implement satellite stations
during 1992.
Progress
The Master Site at Eagle Harbour on the Lake Superior
shoreline was selected in 1990 and instrumentation installed
during 1990 and 1991. It is operated by the Illinois State
Water Survey for the USEPA. The Satellite Sites at Turkey
Lakes, Ontario and Finland, Minnesota, near the Lake Superior
shoreline both operated by OMEE, were established during 1990
and 1991. The location of the sites on or near Lake Superior
is shown in Fig. 2. A comparison of instrumentation required
and installed at the Sites is presented in Table 3.
Required.meteorological instrumentation has not been installed
as part of the OMEE equipment at the Satellite Sites.
Milestone
A siting criteria document was to be produced by May, 1990.
Progress
A formal siting criteria document for IADN sites has not been
published. The Master Site on Lake Superior was established
by USEPA and two potential Satellite Sites have been
established by OMEE. Each agency has its own siting criteria.
A site acceptance review has not been reported to date.
Milestone
Each participating agency was to document sampling and
analysis protocols before June, 1990 and comparability was to



























































































































































































































































































































































































































































































































































































































































































Superior using the measurements of concentration in air and
precipitation. This is not a trivial task if estimates of net
deposition are to include deposition of gases and particles at
the air - water interface.
Milestone
Copies of approved Quality Assurance (QA) Project Plans were
to be submitted to the co—chairs by May 1990.
A QA Program Plan was to be developed by October, 1990.
QA managers or QA officers were to be appointed and inter-
comparison sample exchanges between laboratories made during
early 1991.
Compliance with data quality objectives in the QA Plan was to
be demonstrated by October, 1991. QA Project Plans, Manuals
and Performance Assessment Results were to be submitted by the
time of Compliance demonstration.
Progress
Quality Assurance Progress Plans have been developed
independently in each Country in 1992. The parties have
collaborated on a draft QA Program Plan which is currently
under review by both Parties and may be adopted in 1994.
PHASE II (January, 1992 through December 1993)
Milestone
Establish two Satellite Stations on Lake Superior during 1992.
Progress

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































attributable primarily to errors in preliminary estimates of
emissions. However, the distribution of sources is expected to
be nominally correct. The model does illustrate the importance
of source/receptor relationships and provides guidance for
priority activities to get the greatest reduction in lead
deposition as quickly as possible at least cost.
Uncertainties in Estimates of Deposition of Toxics to Lake
Superior
The uncertainty of deposition estimates for Lake Superior based
on existing observations and mass balance models is indicated by
the data provided in Table 8.
noted the reduction of estimated deposition for most chemicals by
Eisenreich and Strachan (1992)
a factor of 2 or 3 as calculated at Workshops seven years apart
was due to: 1. improved data, 2. better calculations and 3.
overall concentration reductions. Mackay et al. (1992 b) found
it necessary to "adjust the parameters to give a mass balance
which is close to that which is believed to apply" in his model
and declined to quantify the uncertainty in his estimates of
deposition. Data from the IADN will permit significant
improvement in deposition estimates for Lake Superior as well as
provide data to refine deposition models.
Long range transport models used to predict deposition of toxic
chemicals to Lake Superior may also contain considerable error.
Every investigator working with or using LRT deposition models
for toxics noted that better data on emissions and source
characteristics, including location, was the requirement of
highest priority to improve deposition predictions. One
researcher commented that further development of toxic deposition
models was itself dependent upon better emission inventories for
each toxic. Emissions inventories are required on a continental
scale as a minimum. Time distributions of emissions (for
example, seasonal as a start) are required. The error in





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































field and model experiments.
Summary and Recommendations
Summary






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































progress in responding to more comprehensive programs dealing
with the Great Lakes, or the Great Waters Program in the United
States. There has been some voluntary emphasis on investigations
for Lake Superior but projects which focus specifically on Lake
Superior seem to have developed in response to specific requests
or contracts. Greater focus is desirable; it will probably only
occur in response to allocated funding.
Progress in developing an inventory of atmospheric emissions of
persistent toxic chemicals is very limited. Every investigator
contacted involved with the preparation of deposition estimates
using models commented that the limiting element was the lack of
accuracy and detail in source emission estimates. It is
impractical to develop detailed emission inventories for all of
the toxics simultaneously. A binational group could be
productive in setting priorities for chemicals and identifying
emission details of greatest significance to investigators and
analysts of the deposition and impacts of toxics.
To assess the atmospheric loading of persistent toxic chemicals
a well planned Integrated Atmospheric Deposition Network has been
initiated” Progress in implementing the Plan for AAssessing
Atmospheric Deposition to the Great Lakes, including Lake
Superior has been slow. In fairness, this is partly a result of
the physical limitations in accurately monitoring very low
concentrations of the chemicals of interest, in air and water, on
a routine basis at remote sites. Emphasis for progress toward
estimating deposition to Lake Superior should be on implementing
an acceptable QA/QC program, on reporting and disseminating data
from the monitoring stations, and on estimating deposition rates
from measured concentrations.
Mathematical predictive models are objective, quantitative tools
useful in guiding decisions regarding strategies leading to an
effective toxics impact reduction program for Lake Superior. The


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































"Integrated Monitoring in the U.S. - Canada























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CHEMICALS TARGETED FOR MONITORING IN GREAT LAKES AND GREAT WATERS
IADN Great Lakes Top 20 Focus
Toxics Targeted Commission Chemicals From
For Measurement Toxics List CAAA—GWS
(GLWGA, 1990) (Cabrera-Rivera, (USEPA,1991)
1993) Rank
PCBs (total & major
congeners) X X X 1
HCHs + isomers X X 3
(Lindane)
PAHs (including BaP) x X X 6
DDT + metabolites X
’ ‘ Chlordane X X X l
, Nonachlor X
qr? Heptechlorepoxide X X 2
x? Methoxychlor X X X 3
. Dieldrin X
(‘7 Endrin X
x? Hexachlorobenzene X X X 2
x? 2378 TCDD X x x 1
’ Toxaphene X 2
(? Atrazine X
if Benz(a)anthracene X
, ? Carbon Tetrachloride X
_ Chrysene X
’(7 1,2 Dichloroethane X
a) Diethylhexyl phthalate X
k Di-n-butyl phthalate X





__ Polycyclic organic matter X X 6
aTetrachloroethane X
ﬂTrichloroethene X
, 2 , 4 , S—Trichlorophenol X
62, 4, 6-Trichlorophenol X
ﬂ Trifluralin
Pentachloronitrobenzene X 5
’ Parathion X g
é Pentachlorophenol X
“Coke oven emissions 6
, ﬂ
__ ﬂ
’ ‘ * Coke oven emissions were identified as a carcinogen and included in the





























































































































































































































EQUIPMENT AT IADN MASTER SITES
REQUIRED
INSTALLED
(as of Jan.15, 1992)
1 wet precipitation sampler for
nutrients and inorganics
1 Aerochem wet only precipitation
collector
1 wet precipitation sampler for
major ions and metals
1 Aerochem wet only precipitation
collector
replicated precipitation
samplers for toxic organics
2 MIC wet only precipitation
samplers with XAD-2 resign
cartridge
replicated high volume samplers
for gaseous and particulate
organics
2 modified high volume air
samplers with polyurethane
foam trap
1 high volume sampler for
TSP and organic carbon
1 standard high volume sampler




1 Dichotomous sampler plus
fitters for metals analysis
1 Cascade impactor to determine
particle sizes
Meteorological instruments





1 Belfort weighing bucket rain
gauge. Sensors for temperature,
relative humidity, solar
radiation, wind speed and











































































EQUIPMENT AT IADN SATELLITE SITES
  
REQUIRED (1) INSTALLED (2)
(1990-1991)
One sampler for the measurement
of:
Trace metals in precipitation 1 MIC type A, wet only
collector
Trace metals in air 1 Metrex AS-2 low volume
sampler (metals filter
followed by filters for
nitric acid and sulphates
filters)
Toxic organics in precipitation 1 MIC type B, wet only,
collector with XAD-2 resin
cartridge
Toxic organics in air 1 modified high volume
sampler (glass fibre
filter followed by XAD—Z
cartridge)
Total suspended particulates (from modified high volume
sampler filter above)
Meteorological instruments to Meteorological instruments
measure rain and snow intensity are not installed at the
and amount, temperature, relative Lake Superior Satellite
humidity and wind velocity. Sites.
SOUI‘CG:
(1) IADN Implementation Plan (1990)





























































































































































































































































































































































































































































































































































Measurements of mercury in air and precipitation are expected to start during 1993 at the










































































































































































































































































































































































































































































































































































water and sediment—water exchanges only.
Not estimated












































































































































































































































































































































































































































































































































































































































































































1 ~ 600-4200 kg/yr
2 ~ 670-750 kg/yr
3 ~ 720 kg/ yr




























"Water Column - 1980 ~ 12000 kg
- 1986 ~ 7200 kg
. - 1992 ~ 2200 kg
‘Linear Water Column Loss Rate
1980 to 1986: ~ 800 kg/yr
1986 to.1988: ~ 790 kg/yr
*1 st OrdervLoss Rate
1986: - 1 ~ 500 kg/yr
 
1 Bakefand Eisenreich (1990)
2 Mass-Balance
3 Swack‘namer et al. (1988)
MASS BALANCE‘OF PCBS IN LAKE SUPERIOR
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Figure 3. PCBS IN LAKE SUPERIOR












































































































No measures are taken.













































































































SOURCE CELLS CONTRIBUTING MORE THAN 1% OF PREDICTED LEAD
52
DEPOSITION TO LAKE SUPERIOR (0.5 gm partic1es)
40-KM EMISSION/DEPOSITION GRID FOR MODELLING TOXICS
Clark (1993))
 
 
 
FIGURE 5.
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